Summary: Antimicrobial peptides are widely distributed in nature, and they are found in both Prokaryotes and Eukaryotes. Due to their characteristics, structure, functions and mode of action, they are divided into several groups. The only member of this family occurring in humans is cathelicidin -LL-37. It is produced as an inactive hCAP18 propeptide. The propeptide's C-terminal fragment becomes a mature peptide subsequently to its enzymatic cleavage. LL-37 contains 37-amino acid residues, folds into α-helical structure and has amphipathic properties. Cathelicidin mechanism of action consists in the binding of LL-37 to the bacterial phospholipid membrane until a threshold concentration is reached, followed by the cytoplasm disintegration and leakage, and, finally, cell death. The peptide is expressed in several cells, for instance in the epithelial cells of testis, keratinocytes in the skin, leukocytes, monocytes, neutrophils, as well as T, B, and NK cells. Cathelicidin is a multifunctional molecule. It can serve as a mediator in inflammatory processes and/or as a natural antibiotic against Gram-negative and Gram-positive bacteria, viruses, and fungi. It is chemotactic for mononuclear cells, neutrophils, eosinophils, mast cells and T lymphocytes. LL-37 induces expression of chemokines, neutralises endotoxins, stimulates angiogenesis and apoptosis, as well as it boosts wound healing. Recent data have revealed an important role of LL-37 in the pathogenesis of systemic lupus erythematosus due to an impaired degradation of components in the neutrophil extracellular traps.
INTRODUCTION
The surrounding us environment is rich in bacteria, including pathogens. Therefore all living bodies evolutionarily developed a kind of an immunological system. In primitive Eukaryotes this system consists of a physiological barrier and/ or molecules able to kill or inhibit development of infectious agents [51] . Antimicrobial peptides (AMPs) belong to direct defence effector molecules in the human and animals' immunological systems. AMPs are frequent in nature, being produced by mammals, birds, amphibians, reptiles, insects, plants and microbes [3] . The fact that these peptides did survive in the course of evolution reflects their vital role in the immune system [51] . Irrespective of their place of occurrence, scope of action or structure, antimicrobial peptides are composed of 60 amino-acid residues (usually L-amino-acids). They are positively charged, hydrophobic and/or amphipathic. They act within the cell membranes [32, 50] . These peptides were first described in the early 1980s, in wounded frogs and toads [32] . The excretion of a substance subsequently named marginin was observed directly following an injury. The substance was binding to a microbial cell membrane, destroying it and in this way killing the microbe. AMPs usually involve small cationic polypeptides, able to kill or inhibit development of pathogens. They can also activate the cellular and immune mechanisms. They constitute a protection shield in the epithelium, where their expression may be induced during an infection or inflammation. AMPs' primary functions include: elimination of infectious pathogens [31, 44, 48] , stimulation of cytokines' secretion [16, 40, 48] and of angiogenesis [7] , inhibition of apoptosis [8, 23, 30] , and activation of chemotactic [34, 50, 55] , dendritic [12, 15, 32] and mast [7] cells. Meanwhile, these peptides participate in maturation and activation of autophagy [22] , as well as in the process of wound healing [51] . Their insufficiency may lead to diseases, such as atopic dermatitis [2, 10] , Kostmann disease [32] , cystic fibrosis [50] or autoimmune diseases, including systemic lupus erythematosus (SLE) [26] . Understanding the AMPs' mechanism of action may facilitate the development of antimicrobial drugs imitating human immune system. The peptides are synthesised fast and are present shortly after an infection in order to immediately neutralise the pathogens [29] . Bacteria undergo a division every 20 minutes. Therefore, a host body needs to be equipped with the defence mechanisms that exert an effect prior to a targeted immune response. The latter one may be triggered too late to compete with the kinetics of the pathogens' proliferation [32, 50] . The AMPs mechanism of action consists in the peptide binding with the bacterial phospholipid membrane until a threshold concentration is reached, followed by the leakage, depolarisation and disintegration of the cell membrane, and, consequently, cell death [1, 14, 46] .
AMPs were divided into three groups, which reflects their structure, characteristics, as well as their scope and mode of action [2, 9, 48] :
• cysteine-free linear α-helical peptides of amphipathic properties, e.g. marginins, cecropins and cathelicidins, • peptides with three disulphide bonds, and a β-sheet structure, such as defensins and protegrins, • peptides rich in one or several amino-acids, such as proline, arginine, tryptophan or histidine.
Subsequently, two additional groups were distinguished: peptides with one disulphide bond and peptides functioning as parts of larger proteins [32, 40, 47] . More than 1500 different AMPs have been described so far. The only α-helical peptide occurring in humans is cathelicidin LL-37. It plays a vital role in the first line defence against infections and systemic invasions by pathogens in the place of an inflammation or wound [32, 34] .
CATHELICIDIN'S MOLECULAR STRUCTURE
The cathelicidin molecule was discovered in 1995 [37, 40, 50] . Once isolated from the neutrophils, the bovine Bac5 peptide was observed to come from inactive precursors. Cloning of the precursor-coding cDNA proved that the proteins bind to each other forming a mature peptide [37] . Cathelicidin was first described in leukocytes and the cell nucleus, and subsequently it was discovered in other cells and tissues: granulocytes, keratinocytes, monocytes [48, 50] , as well as in skin, intestine and pulmonary epithelium [32, 51] . Cathelicidin contains a highly conserved N-terminal domain, composed of around 100 amino-acid residues. The 14 kDa cathelin domain contains an N-terminal signal peptide consisting of around 30 amino-acid residues, while the C-terminal fragment codes the cationic antimicrobial peptide [32, 40] . Genes responsible for the cathelicidins' synthesis contain four exons of 1963 base pairs (bp). The highly conservative exons: 1, 2 and 3, code the signal sequence and cathelin domain, while the variable exon 4 is responsible for coding the mature peptide [10, 47] . Cathelicidin is stored in neutrophilic granules. It has a positively charged molecule (+6, pH of about 7.4), and contains basic and hydrophobic amino acids. The LL-37 structure folds into the amphipathic alpha-helix containing 37 amino-acids, including two leucines. The molecule is cysteine-free ( Fig. 1) [32, 40, 44, 48] . At first, 39 amino acid residues were observed in the Cterminal cathelicidin fragment, and named FALL-39 (Phe-Ala-Leu-Leu) [40, 47] . However, following the peptide's isolation from the neutrophils, subsequent studies showed that it was shorter by two amino-acids and had two leucines at the beginning [47] . Numerous authors focused on identifying the primary peptide region, able to trigger an antimicrobial response. There were also frequent attempts to define the peptide's shortest fragment that would be capable of performing an antimicrobial activity. Studies on LL-37 have shown that the N-terminal helix participates in chemotaxis, protein oligomerization, proteolytic resistance and haemolytic activity. The C-terminal helix is responsible for the antimicrobial, antiviral and anticancer effects, while the C-terminal tail takes part in formation of the cathelicidin tetramers. The LL-37 sequence, referred to as FK-13 (17-19 amino-acids) and KR-12 (18-29 amino-acids) forms the peptide core, capable of performing an antimicrobial activity. It overlays the C-terminal helix [51] .
Cathelicidin is detected as the 18 kDa propeptide: hCAP-18, showing no antimicrobial properties. It contains: a signal peptide composed of 30 amino-acids, 99-144 amino-acid cathelin domain and AMPs composed of 12-100 amino-acids [37, 40, 50] . The hCAP-18 propeptide is synthesised in the bone marrow and stored in mature neutrophils, lymphocytes' subpopulation and monocytes. The peptide has two disulphide bonds between the cystine C85-C96 and C107-C124 residues. Once protease 3 releases the C-terminal cation fragment from the hCAP-18 propeptide, the propeptide turns into LL-37 [32, 34] . Next, there was a process alternative to observed action of protease 3, namely: the process of detaching hCAP-18 from ALL-38 which is an inactive hCAP-18 precursor, by prostate gastrixin protease in a suitable pH [11] . LL-37 detected in sweat may undergo degradation into KR-20, RK-31 and KS-30, which is dependent on serine protease. The three fragments were observed to manifest an increased antimicrobial activity [10] . The C-terminal fragments, shorter by 5 amino-acids, were synthesised too, which also led to an increase in antimicrobial activity [10] . On the skin surface, LL-37 may be transformed by the serine or microbial protease, e.g. the Staphylococcus aureus aureolysin, into small fragments. These fragments do keep their antimicrobial capabilities, meanwhile loosing their immunomodelling and stimulating properties [10, 51] .
It is suggested that the hCAP18-to-lipoproteins plasma binding through the antimicrobial domain may act as a protection against the potentially cytotoxic effect of mature LL-37 [11] . Moreover, the cathelin domain can protect the peptide from the proteolytic degradation [48] . The LL-37 central part (11-32 residues) takes the form of an amphipathic α-helix, characteristic of membrane-penetrating proteins. This suggests that the region plays a vital role in toxic activity of the peptide [32, 51] . It can occur as a monomer, dimer or a tetramer in water solutions, at a very low concentration [48] . The LL-37 ability to form oligomers due to its positive charge is impressive. According to the authors, this ability stems from the fact that the N-terminal LL-37 fragment contains 30% of hydrophobic amino-acids and, consequently, may act as the oligomer hydrophobic core. Carrying 5 negatively charged termini, located along the peptide chain, it can form saline bonds with positively charged termini and, by this, it stabilises the oligomer. It is this ability to form oligomers in water solutions that protects LL-37 against proteolytic digestion [48] . 
AMPS MECHANISM OF ACTION
AMPs constitute a highly diverse group, synthesised by the cells and tissues of the invertebrates, animals and plants. The amphipathic structure, cationic charge and their size enable AMPs to bind and build into cell membranes by means of different mechanisms: the so-called "barrel-stave", "carpet" and "toroidal" ones [1, 7, 14, 20] .
The barrel-stave mechanism makes the proteins accumulate on a pathogen's surface, forming a shape that resembles the staves of a barrel. Consequently, the inter-membrane channels are formed, where the peptide's hydrophobic surface interacts with the lipid core on the membrane's surface, while the internal, hydrophilic one forms water slits [20] . This mechanisms was suggested to have 4 basic stages:
• protein monomer binding to the membrane, • identification of membrane-bound monomer molecules, which results in formation of a peptide group on the surface, • incorporation of at least two monomers into the membrane and formation of the slits, • gradual incorporation of other monomers and an increase in the number of slits. The penetration of membrane by amphipathic α-helises, in the form of monomers, is an energy-consuming process. For this reason, the barrel-stave mechanism is not carried out until a group of monomers is formed on the membrane surface. In the final process, the fatty acyl regions of the lipid membrane cannot be directly bound with the polar surface of a single α-helix amphipathic surface, due to the low charge of the hydrogen bonds [14] .
Subsequently to the "barrel-stave" mechanism, another one was described, namely the so-called, "carpet" mechanism. It was first defined for the S dermaseptin [2] and cecropin [20] , as well as LL-37 [8, 29, 32] . The mechanism makes the peptides bind with the phospholipid pathogen membrane surface, covering it entirely. In the first phase, the negatively charged bacterial membrane interacts with the positively charged peptide molecule. Once the threshold concentration is reached, the peptides protrude through the bacterial cell membrane (Fig. 2) . The peptides are attached to phospholipids during the entire leakage process. Contrary to the "barrel-stave" mechanism, in the "carpet" model positively charged peptides along the peptide chain are not incorporated into the hydrophobic core, nor attached to the hydrophilic surface.
The "carpet" model requires 3 conditions to be met [29] : • protein monomer binding to the phospholipid head, • peptide monomers have to be arranged on the membrane surface in such a way that the positively charged amino-acids' hydrophilic surface covers the negatively charged phospholipid surface or a water molecule, • molecule's rotation results in directing the hydrophobic residues towards the hydrophobic membrane core.
Irrespective of the mechanism which is followed by the peptides attacking the bacterial cell membrane, the membrane is damaged, disintegrated and depolarised, which results in irreversible changes, structure decomposition, cytoplasm leakage and, consequently, death of the pathogen. A -electrostatic attraction to anionic microbial surface; B -passage across the outer membrane and/or peptidoglycan layer; C -electrostatic attraction to anionic phospholipids in the cytoplasmic membrane; D -structuring, membrane insertion and accumulation; E -toroidal pore formation; F -carpet mechanism for membrane permeabilization; G -barrel stave pore formation; H -secondary effects (DNA/protein binding, membrane compositional rearrangements, interference with essential cellular machinery).
During a "toroidal" process, peptide aggregation on the membrane surface results in narrowing of the membrane walls and formation of the so-called toroidal pores [2] which enable low-molecular-mass proteins to protrude to the internal membrane prior to the complete membrane lysis. This process is referred to as the self-promoting uptake. The toroidal mechanism makes the lipids lean back on one another and inwards [14] , contrary to the "barrel-stave" mechanism.
LL-37 CATHELICIDIN FUNCTION
LL-37 and its precursor are found in different concentrations in a number of tissues and cells. Due to their amphipathic structure, they both show direct affinity for bacterial cell membranes, as well as they participate in the effector mechanisms of the acquired immunity through the recruitment and stimulation of various cells. This correlates with the peptide's double nature: of a peptide antibiotic and of a signal cell [37, 48, 50] . Cathelicidin is detected e.g. in the skin, squamous epithelium of air passages, mouth, tongue, oesophagus, duodenum, cervix and vagina [1, 40, 51] , epididymis and testis [7, 47] , as well as in the fluid which lines the inside of the air passages [7, 32, 51] . The peptide is also produced in large concentrations in the place of an infection or skin damage [40] . Moreover, studies have shown its chemotactic abilities to attract rat peritoneal mast cells (in the optimal concentration equal to 5 µg/mL). Cathedicilin also induces histamine and the intracellular Ca++ release, which indicates that the mast cells are attracted towards the place of inflammation [32] . High hCAP18 mRNA expression occurs together with IL-6, one of interleukins, which accounts for the role of the cytokine in the hCAP18 gene expression. LL-37 is chemotactic for neutrophils, monocytes [37, 44, 48, 50] , and T cells. It shows the greatest affinity for the CD4 cells, selectively caught by the peptide, which may indicate that the cells producing LL-37 in tissues regulate the assembly of particular subgroups of lymphocytes [37] . An increased LL-37-coding gene expression was shown in lymphocytes, various cell lines and clones of NK, γδ, T, and B cells, as well as monocytes. An increased secretion of the peptide was accompanied by the negative IL-6-and IFNγ-stimulated transcription of LL-37-coding gene [37, 48] . Cathelicidin induces immunomodulation by the N-N-formylpeptide-like1 receptor (FPRL-1) and the receptor G-protein, as well as the nucleotide (P2X7) and signal (TLR) receptor [40, 44] . It also mediates chemotaxis which can be impeded by an antagonist or by the pertussis toxins. Furthermore, the peptide participates in the FPRL-1-mediated angiogenesis, where G-protein represents the receptor protein on the endothelial cells. Due to the interaction with FPRL-1, cathelicidin participates in mechanisms of the innate and acquired immunity, as it attracts neutrophils, monocytes and T cells to the site of inflammation. It can inhibit or stimulate apoptosis, depending on the type of cells. LL-37 inhibits the activity of caspase 3 and promotes apoptosis in the blood vessel smooth muscle cells, neutrophils and T cells, while it exerts an inhibitory effect on apoptosis in keratinocytes and fibroblasts [23] . Cathelicidin cytotoxic and antimicrobial properties which lead to the membrane damage are abolished by the addition of serum [48] , or use of standard bacterial media [31, 48] . They are similarly affected by an environment rich in salt, as described in patients with cystic fibrosis [32] . When the sodium chloride concentration increases, LL-37 activity decreases four to five times. This is related to the inactivation of other agents in the air passage epithelium or an impairment of the cystic fibrosis transmembrane conductance regulator (CFTR). LL-37 induces degranulation of mast cells which appear first in the site of an inflammation or an injury, phagocytose and kill bacteria [31, 37] . The mast cell degranulation leads to an inflammation and release of histamine mediators [32] , to chemotaxis of neutrophils, which may increase blood vessel permeability and attract monocytes to the site of inflammation [43] . LL-37 manifests a broad spectrum of immunomodulatory activity: it acts synergistically with other AMPS, stimulates cell proliferation by binding with FPRL-1 and acts as a chemoattractant for neutrophils, monocytes and T CD4+ cells [7, 31] .
Cathelicidin, LL-37, is bactericidal in a number of ways, and acts against the Gram negative (Pseudomonas aeruginosa, Escherichia coli) bacteria and Gram positive (Staphylococcus aureus, Staphylococcus epidermidis) bacteria, viruses (HIV, influenza) and fungi (Candida albicans).
Certain species are LL-37-resistant [15, 40, 51] , while other are susceptible to its activity [48] , which accounts for the high selectivity of the peptide towards Procaryotes. The peptide is bactericidal towards the Streptococcus bacteria, an important pathogen for newborns [48, 51] . According to the authors, this activity serves as a protection shield while the newborns' immunological response is being developed. Cathelicidin was detected in a newborn amniotic fluid and skin, where it constitutes an innate antimicrobial barrier and, therefore, acts as a protecting agent. Mice deprived of their LL-37 analogue gene (CRAMP; cathelicidin-related antimicrobial peptide) are more prone to be infected by the group A streptococcus than wild mice [32, 50, 51] . Studies both on mice and humans have proved that cathelicidin expression is increased in response to an injury or group A streptococcus infection [48, 51] . The presence of LL-37-specific antibodies correlated with the lack of the peptide expression and a negative response to treatment of chronic ulceration [38] . LL-37 impedes the Pseudomonas aeruginosa bacteria growth. It also prevents the development of the bacterial biofilm, e.g. by decreasing the bacterial adhesion to the surface. Transferring the LL-37/hCAP gene into the air passages of mice infected by the pathogen results in a significant decrease in the number of bacteria [31] . Studies on LL-37 and CRAMP showed their weak (MIC > 64 µM) antimicrobial activity against Staphylococcus aureus, a stronger one (MIC 4 -16 µM) towards Pseudomonas aeruginosa, and the strongest (MIC 5 -16 µM) against Escherichia coli and other species which seldom attack skin [15, 32, 40, 48, 51] . LL-37 and the propeptide undergo the in vitro and ex vivo degradation during a leakage from a wound containing the Pseudomonas aeruginosa bacteria, which produce elastase [40, 50] .
Cathelicidins neutralise lipopolysaccharide (LPS), an endotoxin present in the Gram-negative cell membranes, which causes septic shock by induction of proinflammatory cytokines. LL-37 was shown to bind with LPS, inducing the MCP-1, IL-6 [23] and IL-8 [45] expression. It also neutralises the endotoxin's activity by blocking the LPS-to-CD14+ binding and inhibiting the cytokine production. The peptide's ability to inhibit the cytokine production depends on the strength of its binding with LPS [7] . LL-37 inhibits the IL-6, IL-8, IL-10 [21] and IL-1β, IL-8 gene expression, as well as the expression of the intercellular adhesion molecule (ICAM-1) induced by bacterial LPS. Park et al. proved that LL-37 inhibits the collagen expression in fibroblasts, by inducing the ERK (extracellular signal-regulated kinase) phosphorylation [39] . LL-37 is also known to act pro-apoptotically [8, 23, 30, 55] . Meanwhile, the expression of cyclooxygenase-2 (COX-2) and prostaglandin-2 (PGE-2), responsible for the anti-apoptotic protection, was proved to increase in the LL-37-stimulated keratinocytes. Moreover, LL-37 induced expression of the apoptosis-2 (IAP-2) inhibitor, implicated in the COX-2/PGE-2 anti-apoptotic pathway [8] .
LL-37 activity is much more frequently [32, 40] boosted in cases of, e.g., psoriatic skin changes [10, 42] , SLE [18, 25] , contact dermatitis [28, 34] , bacterial infections [44, 48, 51] , synovitis [19] , chronic rhinitis [7] , tracheal aspirates of newborn infants [7, 32] , cystic fibrosis [31] , sarcoidosis [44, 50] or cancer [7, 48] . A decrease in the peptide activity was observed, e.g., in the atopic dermatitis [42] , chronic epithelial ulceration [48, 50] , duodenum infections [7] and acute myeloid leukaemia [41] . The lack of LL-37 expression was noticed in granulocytes and the saliva of patients with Kostmann disease [32, 50] .
NET, NETOSIS AND ITS ROLE IN THE AUTOIMMUNE DISEASES
Studies conducted in the last decade showed that activated neutrophils release a complex rich in nucleic DNA, histones, LL-37 and cytoplasmic inclusions to the extracellular space. This involves formation of a structure called the neutrophil extracellular trap (NET) for extracellular pathogens. Once trapped, the pathogens are destroyed. Neutrophils die subsequently to the NET release (NETosis) [13, 26, 53, 54, 55] . In neutrophils activated by, e.g., LPS, phorbol myristate acetate (PMA), or IL-8, the nucleic envelope is dissolved, while chromatin is decompressed and fused with its granule proteins. When a cell membrane is damaged, the complex is released to the extracellular space. NET is also released by neutrophils stimulated by immune complexes; their chromatin is decondensed by means of enzymes: neutrophil elastase and myeloperoxidase [52] . Elastase degrades the histone 1 bond and the nucleus, which leads to the chromatin decondensation, additionally boosted by myeloperoxidase [33] . Moreover, while NET is formed, histones 3 undergo citrullination (deimination), which transforms positively charged, side arginine chains into polar, uncharged citrullin residues [27, 49] . This process is catalysed by the peptidylarginine deiminase 4 (AMPS4) located in the neutrophile cell nucleus. The nuclear envelope is disrupted, allowing chromatin to bind antimicrobial agents and to release NET [6, 53] . According to Neeli et al. [35] , the MAC-1 integrin also takes part in initiation of the changes in the neutrophil cytoskeleton, enabling nucleus and cell membrane disintegration and releasing the trap.
Meanwhile, NET acts as an agent protecting against pathogens, such as bacteria, viruses, protozoans and fungi. Therefore, it concurrently exposes immunostimulatory molecules, activates plasmacytoid dendritic cells (pDC) to produce INF-α, acts toxically on epithelium, participates in the antibody production and complement activation, as well as has its role in the organ damage [4, 5, 13, 24, 26, 52] . Furthermore, citrullinated histones impair endothelial cells [17] and contribute to the development of new autoantigens [9] activated by NET protein exposure, due to the DNase inhibitors protecting the DNA against degradation [26] . This DNA degradation inhibition results from the LL-37 protective function and the high level of antibodies against the NET components, or its binding with C1q [53] . According to Lande et al. the correlation between the level of LL-37 antibodies and dsDNA indicated that the neutrophil-derived LL-37 works as the B cell auto-antigen when linked to DNA. On the other hand, Kahlenberg et al. pointed out that there is a simultaneous activation of caspase-1, the main inflammatory enzyme, and that this activation proves that the DNA-LL-37 complex is not indispensable [24] . According to Kahlenberg et al., caspase-1 can be activated due to the potassium loss, induced by means of the ATP-activated P2X7R receptor. As stated by Garcia-Romo et al., NETosis is also triggered by the FcyRIIabinding complexes containing ribonucleoprotein (RNP) [13] . RNP-containing complexes stimulate the neutrophils to produce reactive oxygen forms, which triggers activation of neutrophil enzymes and results in their dislocation to the cell nucleus, followed by NET release. Consequently, immunogenicity and the DNA uptake by pDC are increased [32, 51] .
In case of certain diseases, e.g. the chronic granulomatous disease, there is no possibility of releasing NET due to the mutations in nicotinamide adenine dinucleotide phosphate (NADPH) oxidase [54] . However, introduction of H 2 O 2 brings back this possibility, as proved by Nishinak et al. [36] . Diseases such as small vessel vasculitis (SVV) or SLE are characterised by the presence of antibodies against neutrophil cytoplasm (ANCA), targeted at myeloperoxidase (MPO) and proteinase 3 (PR3). ANCA binding with MPO and PR3 results in the activation of neutrophils and NETosis. The ANCA-MPO complex also activates myeloid dentritic cells (mDC). A treatment with DNase inhibits NET formation and prevents from vessel inflammation. LL-37 may also form complexes with its own RNA and transform it into a strong mDC stimulator (with the use of TLR7 and 8 receptors) [12] . The LL-37-RNA complex, released subsequently to cell death, is transported to pDC and mDC. It induces TLR7 activation in pDC and triggers IFN-α secretion, while its activities in mDC consist in induction of TNF-α and IL-6, as well in their differentiation into mature dendritic cells. mDC maturation is triggered by stimulation of the endosomal TLR8s and reinforced by making pDC to produce IFN-α. In vivo tests showed that the number of LL-37-RNA complexes correlates with the number of mature mDC [53] , which was confirmed by Sun et al. [45] . Sun et al. proved a positive correlation between the pDC activation, expressed as increased IFN-α secretion, and the LL-37 expression [45] . LL-37, in turn, is capable of activating pDC to produce IFN-α [5, 13, 26] .
DNase1, present in serum, is responsible for the NET degradation. SLE patients showed slower NET degradation, caused by low DNase activity, its inhibitors or NET antibodies, preventing DNase to protrude through NET [5, 18] . Numerous research groups have suggested that the lack of balance between NET formation and its clearance in SLE patients may result in lower immune tolerance and tissue damage [13, 18, 24, 25, 52] . Low density neutrophils, frequent among the SLE patients, are the ones responsible for NETosis and immunostimulatory protein exposure in this group [53] . Moreover, NET was frequently shown to act as an activator of a combined inflammatory process, at least partially with increased LL-37 release [24, 52] . LL-37 activates the NLRP3 macrophage inflammatory receptor (particularly its M1 subtype), with the use of P2X7R. Furthermore, NET production is boosted by IL-18 release. This indicates that there exists a new mechanism amplifying the inflammatory response through a loop, where IL-1β-and IL-18-induced NETosis boosts the release of extracellular nets by the activated neutrophils [24] .
CONCLUSION
Recent years have shown an increased significance of antimicrobial peptides, including LL-37. These peptides are synthesised fast, at a low metabolic cost, and they are present in large amounts immediately following an infection. The peptides are produced by various cell types: macrophages, neutrophils, keratinocytes, and epithelial cells. They constitute a bond between the innate and acquired immunological response. The LL-37 molecule acts as an antimicrobial peptide, leading to death of pathogens or to inhibition of their growth. The molecule plays an immunostimulatory role in the immunological response. It induces changes in cell membrane dynamics, which are related to activation of membrane receptors. However, apart from its desired activity, the molecule participates in triggering the autoimmune diseases.
